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The jarrah (Eucalyptus marginata Donn. ex Smith) forest in Western 
Australia is a tall dry sclerophyll forest with a uniform overstorey dominated 
by jarrah. The forest extends over most of the south-western corner of 
Australia, with a Mediterranean climate, covering approximately 64 000 km2 
(Shearer and Tippett, 1989). Jarrah ranges in height from 15-50 m and 3 m in 
diameter across most of its range. Jarrah has the ability to dominate a wide 
range of sites, especially lateritic catenas. The jarrah forest has a high level of 
endemism in plants. There are approximately 1200 species found over its range, 
including many species in the Myrtaceae, Fabaceae and Proteaceae (Shearer 
and Tippett, 1989). Jarrah has, and will, continue to be an important timber 
species because of its durability and suitability for furniture, shipbuilding, 
wharves, telegraph poles and structural timber in house building. Jarrah is an 
important ‘keystone’ species of the jarrah forest and any threats to its health 
and viability will have important economic, environmental and ecological 
consequences. The most signiﬁ  cant threat to jarrah is the introduced soil-
borne plant pathogen Phytophthora cinnamomi Rands.
In Australia, P. cinnamomi is listed by the Commonwealth’s 
Environmental Protection and Biodiversity Conservation Act 1999 as 
a ‘Key Threatening Process to Australia’s Biodiversity’. It causes major 
epiphytotics in the Mediterranean areas of the continent receiving more 
than 600 mm of rainfall. In the south-west botanical province of Western 
Australia over 2,285 native plant species of the 5,710 described are 
susceptible to P. cinnamomi (Shearer et al., 2004). The indirect effects of P. 
cinnamomi in terms of botanical impact through the loss of vertebrate and 
invertebrate pollinators, and loss of canopy and litter cover have yet to been 
determined. However, recent studies indicate that the pathogen is impacting 
on native fauna due to loss of litter, understorey and overstorey canopy 
cover, food resources and refugia (Garkaklis et al., 2004). 
The ﬁ  rst European settlers probably introduced P. cinnamomi into 
Australia. Disease symptoms caused by this pathogen were ﬁ  rst recorded 
in Western Australia in the jarrah forest in 1921. However, it was not 
until 1964 that the cause of jarrah deaths was recognised to be caused by 
P. cinnamomi (Podger et al., 1965). Jarrah is the only Eucalyptus species 
of the jarrah forest that is killed by P. cinnamomi as well as many sub-
storey and understorey plant species. Many susceptible species belong to 
the families Proteaceae, Epacridaceae, Dilleniaceae, Xanthorrhoeaceae 
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and Fabaceae, which together make up a large component of the jarrah 
forest understorey and shrub layer (Shearer and Tippett, 1989). The death 
of understorey species together with jarrah result in an irreversible decline 
in the diversity of vegetation on infested sites, and this in turn impacts on 
the jarrah forest ecosystem and its overall function. Species that remain on 
the impacted sites include the resistant grasses and sedges and tree species 
such as Corymbia calophylla and Eucalyptus megacarpa. 
The ﬁ  rst indication that the pathogen has spread into a new previously 
disease-free area is the death of some of the susceptible understorey 
species. For example, Banksia grandis (Proteaceae) is a particularly good 
‘indicator’ species of disease. This is because it is large and obvious, widely 
distributed across the high rainfall zone of the jarrah forest and dies rapidly 
once infected. Frequently, an obvious line of dead and dying banksias marks 
the ‘infection front’ along the edge of the diseased areas as well as other 
susceptible Banksia species, Xanthorrhoea spp. and Macrozamia riedlei. 
Jarrah is considered moderately resistant to P. cinnamomi compared 
to  B. grandis which is highly susceptible. Jarrah exhibits a range of 
symptoms on infested sites, depending on soils types and weather. Trees 
of all age classes can suddenly collapse and die in groups or individually. 
Reshooting from epicormic buds along the trunk and major branches often 
occurs, but these frequently do not survive. Often, surviving trees express 
varying degrees of health. Usually there is a gradual decline in the crowns 
of the trees, beginning with leaf chlorosis and death of primary leaf-bearing 
branches. New leaves formed from epicormic buds tend to be reduced in size 
and thus the canopy cover of the tree declines. This decline in tree vigour 
can occur over a few years to decades prior to death. In addition, the effects 
of sublethal infections that reduce root development and decrease jarrah 
growth rates are little understood. Estimates of the effect of the pathogen 
on tree growth are imprecise because of the difﬁ  culty in separating out 
confounding effects on tree growth including disease caused by pathogens 
other than P. cinnamomi, rainfall, soil, topography, tree vigour, tree age, 
dominance class and genetic variation in growth potential, and resistance to 
P. cinnamomi (Shearer and Tippett, 1989). 
All of the symptoms discussed so far are ‘secondary’ symptoms. 
Primary symptoms include ﬁ  ne feeder root loss or a general decrease in 
canopy vigour. The pathogen can spread from ﬁ  ne roots into coarse woody 
roots and ﬁ  nally into large roots and the collars of trees. Removal of the 
bark on the roots and collars of the trees will reveal lesions in the phloem 
and cambium. These lesions can girdle the roots and stem collar, and when 
the latter occurs the tree will die. Lesions are usually evident as discoloured 
and water-soaked areas although asymptomatic infection has been observed 
(O’Gara et al., 1997). As the numbers of roots colonised by the pathogen 
increase, the tree looses ability to acquire nutrients from the surface soil 
layers and water from deeper in the soil  proﬁ  le, which leads to decline and 
death of the host. Symptom development depends on a range of factors, 
including temperature, moisture, mineral nutrition, soil characteristics 
and the physiological status of the host. Mass deaths can occur after some 
summer rainfall events.
Despite many years of research, there is still much to be understood 
about the disease dynamics of P. cinnamomi in the jarrah forest. The 
environment plays an important role on sporulation, dispersal, survival, 
infection, and disease expression. P. cinnamomi requires warm temperatures 
(12-30°C with optimum between 25-30°C) and moist conditions for the 
asexual sporangium-zoospore cycle to produce large numbers of infectious 
spores. These conditions occur in the jarrah forest in autumn-early winter 
(April-June) and spring (September to November). The motile zoospores 
which are attracted to roots are considered the main form of reproduction 
and dispersal in the jarrah forest. Once roots are colonised and conditions 
remain conducive, additional sporangia can be rapidly produced from the 
roots to release more zoospores. 
In addition to warm and moist conditions, sporangium production by 
P. cinnamomi also requires stimulatory factors, that are inﬂ  uenced by soil 
type and associated soil ﬂ  ora, to be present. In the jarrah forest, sandy loam 
and sandy gravel soils from speciﬁ  c vegetation types in the upland forest 
stimulate sporangial production more than red loam soils from river valleys. 
However, for all soil types, the capacity to stimulate sporangia formation 
does change with season and tends to be greatest in summer and least in 
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plant species than under resistant plant species. Whether these differences 
are due to speciﬁ  c microﬂ  ora, root exudates or combinations of both is 
still to be full ascertained, and still remains one of the least known aspects 
affecting sporulation in the jarrah forest. Little is also known of how P. 
cinnamomi sporulates from different hosts, although, the highly susceptible 
B. grandis is known to contribute to the build up of inoculum in the soil.
Dispersal of zoospores is either active or passive. Zoospores can 
swim for short distances in standing water or in water within soil pores, or 
can be transported by the mass ﬂ  ow of surface or subsurface water. Passive 
dispersal is a signiﬁ  cant contributor to the movement of the pathogen. 
The movement of soil and infected plant material by human means is 
considerable. For example, infected gravel collected for road building 
from under dead jarrah between 1921 and 1964, prior to the discovery of 
the causal agent of disease, contributed signiﬁ  cantly to the spread of the 
pathogen to many areas of the jarrah forest. Any activities that disturb and 
move soil, such as those associated with forestry, mining, and recreation, 
particularly during wet periods, have considerable potential to move the 
pathogen long distances. 
Little is known about the role of the resting spores, chlamydospores, 
in survival of the pathogen over the long dry summers and in the absence 
of susceptible hosts; there is still debate about their role in the jarrah forest 
(McCarren  et al., 2005). P. cinnamomi requires two mating types (A1 
and A2) in order to undergo sexual reproduction to produce long-lived 
oospores. In the jarrah forest, only the A2 mating type is present. Recent 
work has shown that under Acacia pulchella, a resistant species, oospores 
are produced by selﬁ  ng (Jayasekera, et al., 2007). This observation raises 
many interesting questions about the possible role of the long-term survival 
of the pathogen, especially as it has been shown to be a poor saprophyte in 
jarrah forest soils (McCarren et al., 2005).
Management of P. cinnamomi remains a daunting task as we have few 
tools available to reduce the extension, spread and impact of the pathogen 
and the diseases it causes. Additionally, management is underpinned by our 
current understanding of the pathogen’s biology, ecology and epidemiology. 
Management strategies must include components of prevention, treatment, 
restoration and conservation. Monitoring is a major tool for successful 
management. Initial activities involve the use of 230mm-format large scale 
aerial photography (nominally 1:4,500 scale) to identify areas of dying 
vegetation. Trained dieback ‘interpreters’ validate aerial photography 
interpretation by ground survey. If necessary, soil and plant samples are 
taken and tested to conﬁ  rm the presence of the pathogen. The interpreters 
map areas that are (a) infested with the pathogen, (b) are free of P. cinnamomi, 
(c) cannot be interpreted, as the presence or absence of the pathogen cannot 
be ascertained, (d) unprotectable – areas which are infested and those areas 
where it is judged that autonomous spread of the pathogen will occur within 
50 years, and (e) protectable – free of the pathogen and likely to remain so. 
Field data that has been recorded onto photographs or working maps is then 
transferred to a base map and subsequently into Geographical Information 
Systems (GIS). This information is then the basis for compiling disease 
location maps, determining management strategies and deploying risk 
mitigation tactics, including hygiene and quarantine management to control 
the disease (Dell et al., 2005). 
Management of the pathogen in the jarrah forest places huge emphasis 
on intensive pre-operation planning of any activities involving earth moving or 
the potential to move soil. These include mining, road building or maintenance, 
timber harvesting, vehicle movement along gravel roads, and construction of 
gas and powerlines. Major activities are planned to be conducted during the dry 
summer months to reduce the risk of soil movement. Vehicle wash-down facilities 
are put in place where necessary and, if appropriate, roads and in some instances 
walk tracks are rerouted or closed. Overlying all of these activities is a monitoring 
and auditing process to assist in assessing the effectiveness of the plans. 
More recently the low cost and low toxicity chemical phosphite 
(neutralised phosphorous acid) has been used very effectively, applied as 
a trunk injection or low or high volume foliar spray, to control the rate 
of spread and impact of P. cinnamomi (Hardy et al., 2001). It induces a 
host defence response in many susceptible plant species.  The protective 
effect can last between 6 months and 6-8 years. The mechanisms behind 
phosphite’s mode of action remain to be determined. However, it does 
provide a very strategic tool to manage rare or threatened plant species and 
or plant communities as well as preserve iconic trees, until we ﬁ  nd more 
effective and persistent methods to control the pathogen. 
In summary, P. cinnamomi is a major threat to the jarrah forest and 
the different ecosystems it contains. It has considerable direct impacts on 
many plant species and its indirect impacts on resistant ﬂ  ora, fauna and 
ecosystem function remain largely unexplored or understood. Considerable 
work is being undertaken on (a) developing eradication methods, (b) 
improving the efﬁ  cacy of phosphite, (c) understanding at a molecular and 
biochemical level the mechanisms of action of phosphite, (d) how host 
physiology at time of phosphite application effects its ability to contain the 
pathogen, (e) use of Digital Multispectral imagery to map disease caused 
by P. cinnamomi,  (f) developing effective rehabilitation strategies, and (g) 
selection of resistant plant genotypes for rehabilitation purposes. Without 
continued integration of targeted research with strategic and operational 
management options P. cinnamomi will continue to have a major impact on 
ecosystem health and function in Australia. 
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PROBLEMAS EMERGENTES EM EUCALIPTOCULTURA NO 
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Em 2006 e 2007, nenhuma doença biótica surgiu, até então, como novidade 
para a eucaliptocultura do sudeste brasileiro. Entretanto, problemas sérios, 
relativos à área  social e, ou, das relações das empresas eucaliptocultoras 